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Abstract: We propose a new method of unifying gravity and the Yang-Mills fields by introducing a spin-foam model. We redlize a unification
between an SU(2) Yang-Mills interaction and 3D general relativity by considering a constrained Spin(4) ~SO(4) Plebanski action. The theory is
guantized a la spin-foam by implementing the analogue of the simplicial constraints for the Spin(4) symmetry, providing a way to couple
Y ang-Mills fields to spin-foams.& nbsp;We also present a way to recover 2-point correlation functions between the connections& nbsp;as a first way
to implement scattering amplitudes& nbsp; between particle states. We conclude with speculations& nbsp;about extension of the model to 4D
and& nbsp; incorporate a newly developed model of Dark Energy.
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Introduction and motivations

LQG
- Non perturbative

- Background independent
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Introduction and motivations

LQG

- Non perturbative

— Challanges
- Background independent /

with a clearer
physical picture

/ Interpretation

Obtain a background

Is it possible to describe
Matter fields in LQG?
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Physical consequences of Unification in 4D

» complexified 1)t use selfdual SU
Nesti & Percacci mdws:?' I:-n’u:: m mm-f-’ ..
arXivi0706.3307 antiselfdual SU(2) with the liospin group of SM

Fermions of both chirlites: symmetry
breaking and emergence of graviton and
isopin triplet. Electroweak breaking and LHC

Alexander embedding of gravity and electroweak theary
arXivO706 4481 using SL(LC) connection variables. No spaca-
tme metric in which gauge fields live

Symmetry breaking (SB) selects global tme-like
direction: emergence of GR and YM sectors,
Chiral SB: vielation of parity in GR!
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Physical consequences of Unification in 4D

complexified SO(3,1): use selfdual SU(2) to M

Nesti & Percacci couple chiral fermions to gravity; use
arXiv:0706.3307 antiselfdual SU(2) with the Isospin group of SM

Fermions of both chiralities; symmetry
breaking and emergence of graviton and
isospin triplet. Electroweak breaking and LHCJ

Alexan der < embedding of gravity and electroweak |:!'|e1::nr)rT

g using SL(2,C) connection variables. No space-
arXivi0706.4481 time metric in which gauge fields live
Symmetry breaking (SB) selects global time-like
direction: emergence of GR and YM sectors.
Chiral SB: violation of parity in GR?
- w

Main message: correlation in reduced phase-space sectors.
A similar story: B-l parameter and chirality (Magueijo Benincasa)
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Genera| strategy and 3D reduction

1) action as a BF theory + constraints
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General strategy and 3D reduction

i) action as a BF theory + constraints
i) principal SO(N,M)-bundle, with N+M >5 for at least SO(3, | )xU(I)
iii) unification in 3D via Spin(4)=SU(2)xSU(2)

iv) no non-trivial cosets for symmetry group and the Hilbert space
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1) action as a BF theor
W) principal SO(N.M)-
iif) unification in 3D wi

Iv) no nanstrivial cose!

strategy and 3D reduction

+ constraints
ndle, with N+M >5 for at least SO(3,1)xU(1)

Spin(4)=SU(2)x5U(2)

*far symmetry group and the Hilbert space

Coleman-Mandula theorem

“Impossibility of combining space-time and internal symmetries in

any but a trivial way"

G connected symmetry-group of the § matrix (unitar ¥ sperators commute with §)

with subgroup lecally Poincare * hypathesas an § and on reps. el G generators in

mamentum space
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Plebanski Spin(4) theory and Symmetry breaking
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Plebanski Spinf4) theory and Symmetry breaking
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Symmetry brieakdown and GR and YM sectors
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Symmetry breakdown and GR and YM sectors
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Symmetry brieakdown and GR and YM sectors
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Plebanski Spinf4) theory and Symmetry breaking
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Plebanski Spinf4) theory and Symmetry breaking
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Symmetry brieakdown and GR and YM sectors
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LQG and spin foam quantization

Introduce an oriented triangulation A
over the manifold M3 and its dual A*
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over the manifold M3 and its dual A*

Pirsa: 12050079 Page 45/79



LQG and spin foam quantization

Introduce an oriented triangulation A
over the manifold M3 and its dual A*

Pirsa: 12050079 Page 46/79



LQG|and spin foam quantization

Pirsa: 12050079 Page 47/79




LQG|and spin foam quantization

Pirsa: 12050079 Page 48/79




LQG|and spin foam quantization

Pirsa: 12050079 Page 49/79




Pirsa: 12050079

LQG and spin foam quantization

Introduce an oriented triangulation A
over the manifold M3 and its dual A*

Discretize the variables for each
SU(2) sector by the assignment

Loop quantize the SU(2)-cotangent space over ¥ C M
construct the Hilbert space of cylindrical functions Hc:,
represent as multiplicative holonomies and as LI derivatives fluxes
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Coherent states for GR and YM sectors
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Boundary formalism and 2-point function

Pirsa: 12050079 Page 63/79




Boundary formalism and 2-point function

Page 64/79
Pirsa: 12050079 g




Boundary formalism and 2-point function

Pirsa: 12050079 Page 65/79



Boundary formalism and 2-point function
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Boundary formalism and 2-point function
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Generalizatjon to 4D and other YM sectors

i) Extension to 4-dimensianal manifold

1) Principal SO(N,M)-bufdle, with N+M > 5 for at least SO(3,1)xU(1)

i) Derivaton, at the classical level, of YM sectors coupled to gravity
through a symmetry-breaking

.—'f” W0 A 1)

5w ,-.. Tels(s

In progress with 5. Alexander and L. Modesto

1) An example: Dark Energy from a perspective of unification
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DE from|the perspective of unification

In progress with 5. Alexander and D, Spergel
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